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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a multilayered
acoustic panel which is acoustically absorbent relative
to conventional air impermeable panels, such as plaster-
board or drywall. The panel according to the present in-
vention is particularly suited for lining an interior wall of
a building in the same manner as conventional plaster-
board panels. The acoustic panel is designed to remain
noise absorbing after painting. It will therefore be con-
venient to describe the invention in relation to that exam-
ple application. It should however be understood that the
invention is equally suitable for lining other structures that
are required to absorb noise, for example ceilings. Var-
ious forms of the panel are also suitable for automotive
applications and external applications such as roadside
absorptive acoustic barriers.

BACKGROUND TO THE INVENTION

[0002] The interior walls of buildings, for example
houses, offices, restaurants, retail stores, hospitals and
the like typically include a frame lined with plasterboard
panels. The frame of the wall normally includes a series
of upright beams, commonly referred to as studs, to which
the plasterboard panels are mounted. The panels are
mounted to the studs such that the ends of adjoining pan-
els abut one another. The ends are then covered with
wet plaster and subsequently sanded when the plaster
dries to provide a continuous wall surface. The wall sur-
face created by the plasterboard panels is also usually
painted to provide an aesthetically pleasing appearance.
[0003] In general, hard, solid materials, for example
plasterboard panels, reflect sound better than softer air
permeable materials. In this respect, sound waves inci-
dent upon an interior wall lined with plasterboard tend to
be reflected well. The reflected sound waves can also
undergo reflection by bouncing off other walls and sur-
faces, even after the source ceases emitting sound. This
phenomenon is known as reverberation and the time it
takes for reverberant sound energy to dissipate by 60 dB
is known as the reverberation time. The reverberation
time in an enclosure, for example a room, can make a
significant impact upon the intelligibility of speech. In this
respect if the reverberation time is too long speech can
be difficult to interpret as the reverberant sound in the
room acts as background noise.
[0004] Ideally, the issue of reverberation is considered
and addressed at the design stage of a building. Howev-
er, in some instances, reverberation problems may not
become apparent until construction of a building is com-
pleted. In both cases there are various options available
to address reverberation issues. These typically include
the use of perforated acoustic tiles, carpet, curtains, fab-
ric wall linings and other soft materials. Unfortunately,
many of these options are not able to adequately blend

with the desired aesthetic appearance.
[0005] The acoustic panel disclosed in International
Publication No. WO 2009/023900, (herein after referred
to as "the Bellmax panel"), the contents of which are here-
in incorporated by reference, sought to address the issue
of aesthetic appearance by providing a sound absorbing
acoustic panel which mimicked the look and feel of a
conventional plasterboard panel, could be painted like
conventional plasterboard yet remained sound absorb-
ing, and be installed using the same installation method
as conventional plasterboard. The primary components
of the Bellmax panel were a membrane layer made of
paper or a polymer film, and an underlining perforated
sound absorbing layer preferably made of fibrous poly-
ester material.
[0006] Although the Bellmax panel mimicked the look
and feel of a conventional plasterboard panel, could be
painted like conventional plasterboard, and installed us-
ing the same installation method as conventional plas-
terboard, its ability to absorb sound wave energy once
painted was found to be limited to very specific frequen-
cies. In addition, flammability issues made it difficult for
the Bellmax panel to adequately comply with stringent
building regulations.
[0007] Figure 1 of the accompanying drawings pro-
vides a graph showing the absorption coefficient across
a range of frequencies for a painted sample Bellmax pan-
el of the prior art. The sample Bellmax panel consisted
of a membrane layer made of paper, and a sound ab-
sorbing layer made of fibrous polyester having a surface
density of approximately 1800 g/m2 (without apertures).
The sound absorbing layer had a plurality of 15mm ap-
ertures extending therethrough which provided the layer
with 33% open area. The sample was mounted to a frame
structure having wall type studs with sound absorbing
material having a surface density of approximately 800
g/m2 being located behind the sample in a wall cavity
having a depth of 25mm.
[0008] The graph in Figure 1 demonstrates that the
sample Bellmax panel has two prominent absorption
peaks at approximately 300Hz and 1700Hz with virtually
no absorption being provided at other frequencies. The
absorption peak at 300Hz is due to the sample Bellmax
panel, in combination with the enclosed air volume in the
wall cavity behind the sample, acting as a panel absorber.
In this respect, a panel absorber is a form of resonant
oscillating mass-spring system whereby the panel is able
to resonate in response to sound waves incident on the
panel with dampening being provided by the enclosed
air volume. The absorption peak at 1700Hz is due to the
portions of the membrane layer which overlie the 15mm
apertures acting as diaphragms which vibrate at maxi-
mum amplitude when imparted with sound waves of a
frequency corresponding to their resonant frequency,
thereby reducing the sound waves energy.
[0009] In view of the above, it would be desirable to
provide an acoustic panel which is able to absorb sound
wave energy across a broad range of frequencies, whilst
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at the same time mimic the look and feel of a conventional
plasterboard panel when painted and be sufficiently non-
flammable to comply with building regulations.
[0010] EP 0892 386 A2 discloses all the features of
the preamble of claim 1.
[0011] Any discussion of documents, devices, acts or
knowledge in this specification is included to explain the
context of the invention. It should not be taken as an
admission that any of the material formed part of the prior
art base or the common general knowledge in the rele-
vant art in Australia or any other country on or before the
priority date of the claims herein.

SUMMARY OF THE INVENTION

[0012] In accordance with the present invention there
is provided a multilayered acoustic panel according to
claim 1 including:

a substantially air impermeable outer membrane lay-
er;
an underlying second portion bonded to the mem-
brane layer, the second portion including an inter-
mediate layer; and
an inner layer underlying the second portion, the in-
ner layer having a plurality of apertures therein, said
apertures being covered by the intermediate layer
of the second portion,
wherein the membrane layer and second portion are
not bonded together where the membrane layer
overlies the apertures such that those portions of the
membrane layer which overlie the apertures are free
to vibrate independently of the second portion in re-
sponse to sound waves incident on the membrane
layer.

[0013] Each portion of the membrane layer which over-
lies an aperture defines a diaphragm which can vibrate
in response to sound waves incident on the membrane
layer. In this respect, an air gap is preferably defined
between the membrane layer and the second portion
where each portion of the membrane layer overlies an
aperture. More particularly, an air gap may be defined
between the membrane layer and the intermediate layer
where each portion of the membrane layer overlies an
aperture. To increase the depth of the air gaps, the in-
termediate layer can be slightly depressed into the ap-
ertures. Preferably, the air gaps have a maximum depth
of approximately 1 to 4 mm.
[0014] In one embodiment, the intermediate layer of
the second portion is preferably bonded to the membrane
layer but is not bonded to those portions of the membrane
layer which define the diaphragms. The second portion
may further include an adhesive sheet layer positioned
between the intermediate layer and the inner layer. The
adhesive layer may also be perforated. Further, the inner
layer preferably includes a front face and rear face with
the apertures being provided in said front face. The ap-

ertures in the front face may also extend through the inner
layer to the rear face to thereby define a series of pas-
sageways. In another embodiment, the intermediate lay-
er is directly bonded to the front face of the inner layer.
[0015] In accordance with one embodiment of the
present invention, the panel is particularly suited for lining
an interior wall of a building in the same manner as a
conventional plasterboard panel. In this regard, the in-
termediate layer may be made of a porous material, for
example a fibrous material or a foam material and has a
surface density of less than approximately 400g/m2. The
fibrous material may for example include or be made en-
tirely of ceramic fibres. The membrane layer may also
be made of a bonded fibrous material such as paper.
Alternatively the membrane layer may be made of a pol-
ymer film. The inner layer is preferably a sound absorbing
layer made of a fibrous material or a foam material.
[0016] In accordance with another embodiment of the
present invention, which is particularly suited for auto-
motive applications where the panel could be subject to
heat from the engine or exhaust system, the intermediate
layer is made of a non-porous material, for example a
metallic foil and has a surface density of less than
200g/m2. For automotive applications, the membrane
layer may also be made of a metallic foil and the inner
layer can be made of a metallic sheet material. The in-
termediate layer and the membrane layer may also be
embossed with a plurality of indentations.
[0017] In accordance with another embodiment of the
present invention, which is particularly suited for external
applications such as roadside absorptive acoustic barri-
ers, the membrane layer is made of a UV resistant ma-
terial such as a fluoropolymer film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Further benefits and advantages of the present
invention will become apparent from the following de-
scription of preferred embodiments of the invention. The
description should not be considered as limiting any of
the statements in the previous section. The preferred em-
bodiments will be described with reference to the follow-
ing figures in which:

Figure 1 is a graph showing the absorption coeffi-
cient of a sample prior art Bellmax panel at a range
of frequencies;
Figure 2 is a perspective view of a section of a panel
in accordance with an embodiment of the invention,
showing the membrane layer partially removed from
the panel and the intermediate layer covering the
sound absorbing inner layer with a small section of
the intermediate layer removed to expose a section
of the underlying sound absorbing inner layer;
Figure 3 is a cross-sectional view of a wall-type struc-
ture incorporating the panel shown in Figure 2 with
the intermediate layer of the panel being slightly de-
pressed in the apertures in the sound absorbing in-
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ner layer to provide an air gap, in accordance with
an embodiment of the invention;
Figure 4 is a graph showing a comparison of the
absorption coefficient of two panels at a range of
frequencies with one of the panels having an inter-
mediate layer made of ceramic paper in accordance
with an embodiment of the invention, the other panel
being in accordance with the prior art;
Figure 5 is a cross-sectional view of a panel in ac-
cordance with an embodiment of the invention ap-
plied to a body portion of a motor vehicle with a layer
of insulation positioned between the body portion
and the inner layer of the panel, the panel having an
embossed intermediate layer;
Figure 6 is a cross-sectional view of a panel in ac-
cordance with an embodiment of the invention hav-
ing an embossed membrane layer and embossed
intermediate layer, applied to a body portion of a mo-
tor vehicle with a layer of insulation positioned be-
tween the panel and the body portion;
Figure 7 is a cross-sectional view of the panel applied
to a body portion of a motor vehicle, as shown in
Figure 6, with a perforated metallic outer support lay-
er positioned on top of the panel;
Figure 8 is a cross-sectional view of a wall-type struc-
ture incorporating a panel having an adhesive layer
between the intermediate layer and the sound ab-
sorbing inner layer, said layers being slightly de-
pressed in the apertures in the sound absorbing in-
ner layer to provide an air gap, in accordance with
an embodiment of the invention;
Figure 9 is a cross-sectional view of a wall-type struc-
ture incorporating a panel having an adhesive layer
between the intermediate layer and the sound ab-
sorbing inner layer, the adhesive layer having
punched holes, in accordance with an embodiment
of the invention; and
Figure 10 is a cross-sectional view of a wall-type
structure incorporating a panel having an adhesive
layer between the intermediate layer and the sound
absorbing inner layer, the adhesive layer being per-
forated, in accordance with an embodiment of the
invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0019] With reference to the Figure 2 of the accompa-
nying drawings there is shown a multilayered acoustic
panel 1 in accordance with an embodiment of the inven-
tion. The panel 1 includes a substantially air impermeable
outer membrane layer 3 and an underlying second por-
tion bonded to the membrane layer 3. The second portion
of the panel 1 includes an intermediate layer 5. The mem-
brane layer 3 is regarded as the outermost or top layer
of the panel 1 because, in use, the panel 1 is orientated
such that the membrane layer 3 is closest to the noise
source. The panel 1 further includes an inner layer 7 un-
derlying the second portion. The inner layer 7 has a plu-

rality of apertures 6 therein. The apertures 6 are covered
by the intermediate layer 5 of the second portion.
[0020] A section of the intermediate layer 5 has been
removed from the panel 1 in Figure 2 such that the ap-
ertures 6 can be more clearly seen. Similarly, a section
of the membrane layer 3 has been removed from the
panel 1 in Figure 2 such that the intermediate layer 5 can
be more clearly seen. In Figure 2, the intermediate layer
5 of the second portion is bonded directly to the mem-
brane layer 3 and is similarly directly bonded to the inner
layer 7. The membrane layer 3 is however not bonded
to the intermediate layer 5 where the membrane layer 3
overlies the apertures 6 such that those portions of the
membrane layer 3 which overlie the apertures 6 are free
to vibrate independently of the intermediate layer 5 in
response to sound waves incident on the membrane lay-
er 3. These portions of the membrane layer 3 each define
a diaphragm.
[0021] The diaphragms vibrate in response to sound
waves incident on the membrane layer 3 and thereby
absorb at least part of the sound waves energy. In this
respect, each diaphragm has a resonant frequency at
which the diaphragm will vibrate at maximum amplitude
when imparted with sound waves of a frequency which
corresponds to the diaphragm’s resonant frequency,
thereby reducing sound wave energy.
[0022] In the various embodiments of the panel 1 illus-
trated in the accompanying figures, the membrane layer
3 is substantially impermeable to airflow and may be
made of a polymer film, for example polyester, polyeth-
ylene, polypropylene, BOPP, fluoropolymer, PVC, EVA.
Alternatively, the membrane layer 3 can be made of a
metal foil or paper, preferably a type of paper commonly
known as clay coated paper. Other types of paper may
also be used, for example wall paper, high wet strength
kraft paper. The membrane layer 3 may also be multilay-
ered and consist of a combination of the above materials.
Unpainted, the membrane layer 3 preferably has a thick-
ness which is no greater than approximately 0.05 mm
and a surface density which is preferably less than 100
g/m2. When painted with two coats of paint, the mem-
brane layer 3 preferably has a surface density of less
than 200 g/m2, more preferably between approximately
100 and 170 g/m2. Accordingly, if the membrane layer 3
is painted, the dried paint provides approximately 60-70
percent of the diaphragm’s surface density. During ap-
plication of paint, the paint tends to shrink and flatten as
the paint dries which provides tension to the diaphragms.
[0023] The intermediate layer 5 of the second portion
is positioned between the membrane layer 3 and the in-
ner layer 7 and covers a front face of the inner layer 7
such that all apertures 6 are preferably covered by the
intermediate layer 5. The intermediate layer 5 provides
a degree of protection, for example from fire, heat or flu-
ids, to the inner layer 7 and any components positioned
behind the panel 1. In the embodiment of the panel 1
shown in Figure 2, the second portion includes only the
intermediate layer 5. In other embodiments, the second
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portion may include one or more additional layers either
side of the intermediate layer 5.
[0024] For applications of the panel 1 as a lining of an
interior wall of a room in a building, the intermediate layer
5 is preferably porous and made of a fibrous material or
a foam material and preferably has surface density of
less than 400 g/m2. For example, the intermediate layer
5 could be made of a fibrous polymer sheet, an open cell
foam or foam rubber sheet. Other materials such as fi-
brous ceramic paper, non woven glass/mineral fibre and
polymers could also be used. The intermediate layer 5
provides a degree of protection to the underlying inner
layer 7 and is preferably resistant to combustion and can
withstand extreme temperature without being substan-
tially damaged. In addition the intermediate layer 5 im-
proves the acoustic performance of the panel 1 by pre-
venting reflected sound from behind the panel 1 being
reflected back into the room. Further, by providing an
intermediate layer 5 of fibrous material, the edges of the
apertures 6 are masked and softened by the intermediate
layer 5 which results in a much smoother surface finish
once the membrane layer 3 of the panel 1 is painted.
[0025] If the intermediate layer 5 is made of a paper
having ceramic fibres, the ceramic paper preferably has
a thickness of approximately 1-2 mm and a surface den-
sity of up to approximately 400 g/m2. Ceramic paper can
advantageously act as a fire barrier due to its resistance
to combustion and ability to withstand high temperatures.
[0026] The inner layer 7 provides the bulk of the panel
1 and preferably has a surface density between approx-
imately 1000 g/m2 and 3000 g/m2 (without apertures 6).
The apertures 6 in the inner layer 7 may range between
approximately 10 mm in diameter and 80 mm in diameter.
The apertures 6 are provided in a front face of the inner
layer 7 and preferably extend right though the inner layer
7 to the rear face. The number and size of the apertures
6 are preferably selected to provide each face of the inner
layer 7 with an open area between approximately 20 and
55 percent. The apertures 6 may also be arranged in
clusters to further enhance the panels 1 sound absorption
capabilities. A panel having apertures arranged in clus-
ters is disclosed in Australian Provisional Patent Appli-
cation No. 2009905120, the contents of which are herein
incorporated by reference.
[0027] The apertures 6 may be punched or cut or could
be formed when the panel 1 is manufactured. Depending
upon the materials used and manufacturing method, it
may be possible to form the intermediate layer 5 in con-
junction with the inner layer 7. Alternatively, the interme-
diate layer 5 could be laid into a mould of the inner layer
7 and joined during a forming process. In order to bond
the intermediate layer 5 to the inner layer 7 a powdered
low density polyethylene (LDPE) may be laid onto the
inner layer 7 with heat then applied to melt the LDPE
powder and bond the inner layer 7 to the intermediate
layer 5. This is preferably achieved by using a belt lam-
inator at a temperature above 150° C. Instead of using
powdered LDPE, an adhesive sheet material layer 10

could be used, for example a LDPE film.
[0028] The inner layer 7 may be made of compressed
fibrous materials such as bonded polyester, polyester
blend, rockwool, fibreglass, or other fibrous polymers.
Other materials such as open or closed cell foams, ge-
opolymer foams, fibre reinforced foams, phenolic foams,
polyurethane foams or cardboard could also be used. If
a foam or foam fibre blend is used, a complex shape
could be moulded such that the panel 1 could be used
in automotive applications, for example in underbody or
engine bay applications where a complex 3-dimensional
shape is required.
[0029] The embodiments of the panel 1 shown in Fig-
ures 2, 3, 8, 9 and 10, are particularly suited for applica-
tions of the panel 1 as a lining of an interior wall of a
building. The inner layer 7 is preferably in the form of a
sound absorbing layer which is made of compressible
fibrous material, for example a non-woven polyester ma-
terial. The thickness of the inner layer 7 is this particular
application is approximately 9 to 11.5 mm, preferably 11
mm such that the overall thickness of the panel 1 approx-
imately matches 13 mm thick conventional plasterboard.
[0030] The membrane layer 3 can be bonded to the
intermediate layer 5 using a suitable bonding agent. In
this respect the membrane layer 3, for example the pol-
ymer film, may be dual layered in that it can have an
underlying layer, for example a LDPE layer, that can be
melted using a belt laminator to bond the membrane layer
3 to the intermediate layer 5. As the membrane layer 3
is not bonded to the intermediate layer 5 where the mem-
brane layer 3 overlies the apertures 6, small air pockets
or gaps 17 are effectively provided between the interme-
diate layer 5 and the membrane layer 3.
[0031] Figure 3 is a cross-sectional view of a wall-type
structure incorporating the panel 1 shown in Figure 2. A
wall-type structure, for example the interior wall of a build-
ing, typically includes a frame lined with plasterboard
panels. The frame of the wall normally includes a series
of upright beams, commonly referred to as studs, to which
plasterboard panels are mounted. Between the studs a
series of wall cavities are created behind the panel. In
Figure 3, the panel 1 is shown with insulating material 11
in the wall cavity behind the panel 1.
[0032] In order to increase the depth of the air gap 17
between the intermediate layer 5 and the membrane lay-
er 3, the intermediate layer 5 can be slightly pressed into
the apertures 6 in the inner layer 7 during manufacture,
or be preformed as such, so that a series of hollows or
depressions 9 are provided preferably having a depth of
approximately 1 to 4 mm.
[0033] As the depressions 9 lie slightly below the re-
maining portion of the intermediate layer 5, a bonding
agent may be applied to the intermediate layer 5, for ex-
ample by using a roller, without the depressions 9 being
imparted with bonding agent. Accordingly, the mem-
brane layer 3 can then be bonded on top of the interme-
diate layer 5 without bonding to the depressions 9.
[0034] Rather than the membrane layer 3 being directly
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bonded to the intermediate layer 5, the second portion
of the panel 1 may include additional layers (not shown
in the drawings) between the membrane layer 3 and the
intermediate layer 5, for example a metallic foil layer, to
which the membrane layer 3 may be directly bonded.
Similarly, rather than the inner layer 7 being directly bond-
ed to the intermediate layer 5 as shown in Figures 2 and
3, the second portion of the panel 1 may include addi-
tional layers to which the inner layer 7 may be directly
bonded, as shown in Figures 8, 9 and 10. The interme-
diate layer 5 may therefore be sandwiched between ad-
ditional layers of the second portion.
[0035] Figure 8 is a cross-section view of a wall-type
structure incorporating a panel 1 similar to that shown in
Figure 2. However, second portion of the panel 1 in Figure
8 includes an adhesive layer 10, for example a LDPE film
or a phenolic impregnated paper, between the interme-
diate layer 5 and the inner layer 7. The adhesive layer
10 has a thickness of approximately 0.05 mm to 0.15 mm
and a surface density of approximately 50 to 150 g/m2.
The adhesive layer 10 may be heated to bond the layer
to the intermediate layer 5 and the inner layer 7. The
adhesive layer 10 may also advantageously assist to pro-
tect the underlying inner layer 7 from fire, heat and fluids.
As shown in Figure 9, to improve the acoustic perform-
ance of the panel 1, the adhesive layer 10 may have
holes punched in the layer 10 where the layer 10 overlies
the apertures 6 in the inner layer 7. Similarly, as shown
in Figure 10, the adhesive layer 10 may instead be per-
forated to improve the acoustic performance of the panel
1.
[0036] For applications of the panel 1 as a wall lining,
the panel 1 preferably has a length of approximately 2400
mm, a width of approximately 1200 mm, and a bevelled
edge to match the edge portion of a conventional plas-
terboard panel. The overall thickness of the panel 1 is
preferably the same as conventional plasterboard. How-
ever, the thickness of the panel 1 in the vicinity of the
edge may be reduced by compression of the inner layer
7. As a result the thickness of the panel 1 may taper
towards the edge portion with the edge resembling that
of a conventional plasterboard panel. Accordingly, by us-
ing conventional wet plaster jointing techniques an infill
of plaster can be provided over the edge portion such
that the panel 1 can be seamlessly incorporated into a
wall structure with the membrane layer 3 providing a con-
tinuous wall surface with the infill of plaster and an outer
face of plasterboard panel. Once painted, the continuous
wall surface has the same appearance of a wall structure
made solely of plasterboard panels.
[0037] The graph in Figure 4 shows a comparison of
the absorption coefficient of two panels at a range of fre-
quencies. The sample identified in the graph as Bellmax
SP1 is a panel in accordance with an embodiment of the
invention, and the sample identified as Prior Art Sample
is a prior art panel that is similar to the prior art Bellmax
panel referred to in Figure 1. The samples identified in
Figure 4 both have a membrane layer 3 in the form of a

polymer film and an inner layer 7 of polyester material
having a surface density of 1800 g/m2 (without aper-
tures). The inner layer 7 of both samples further include
a plurality of apertures 6 having diameters of 15, 20 and
25 mm which provide the faces of the inner layer 7 with
an open area of approximately 42%. The membrane lay-
er 3 of both sample panels was also painted with two
coats of paint. The Bellmax SP1 panel is similar to that
shown in Figures 2 and 3 and includes an intermediate
layer 5 which is made of ceramic paper. The polymer film
is bonded to the ceramic paper with no bonding being
provided where the polymer film overlies the apertures
6 in the inner layer 7. The graph in Figure 4 shows that
the Bellmax SP1 panel having the intermediate layer 5
provides significantly better sound absorption at frequen-
cies between 250 Hz and approximately 1000 Hz than
the Prior Art Sample which does not have an intermediate
layer. Although the intermediate layer 5 covers the ap-
ertures 6, those portions of the membrane layer 3 which
overlie the apertures 6 remain free to vibrate independ-
ently of the intermediate layer 5 in response to sound
waves incident on the membrane layer 3 and thereby
absorb at least part of the sound waves energy. The net
result of having an intermediate layer 5 is significantly
better and substantially uniform sound absorption at fre-
quencies between 250 Hz and approximately 1000 Hz.
[0038] In Figures 5, 6 and 7 of the accompanying draw-
ings there is shown cross-sectional views of various other
embodiments of the multilayered acoustic panel 1 which
are particularly suited for automotive applications. Like
reference numerals are used throughout the Figures to
refer to equivalent features. In these particular embodi-
ments, the panel 1 is shown is applied to a body portion
15 of a motor vehicle with a layer of insulation 11 posi-
tioned between the body portion 15 and the inner layer
7 of the panel 1.
[0039] For automotive applications, the membrane lay-
er 3 may be formed from a metallic foil. An underlying
second portion of the panel 1 includes an intermediate
layer 5 which may also be formed from a non-porous
material such as aluminium. The second portion may fur-
ther include additional metallic and/or fibrous layers be-
tween the membrane layer 3 and the intermediate layer
5. As the intermediate layer 5 in these embodiments is
non-porous, the intermediate layer 5 preferably has a
surface density of less than approximately 200 g/m2 and
a thickness of up to 2.5 mm. The inner layer 7 in these
embodiments may also be constructed of a sheet of metal
such as aluminium having a surface density between ap-
proximately 1000 g/m2 and 3000 g/m2. In the embodi-
ment shown in Figure 7, the panel 1 is positioned between
a fibrous polyester or foam insulation layer 11 and a per-
forated outer metallic layer 13. The insulation layer 11 is
compressed against the body portion 15, for example a
firewall in an engine bay of the motor vehicle or under-
neath the vehicle floorpan on the underside of the trans-
mission tunnel. The outer metallic layer 13 is provided
on top of the panel 1 to provide protection to the under-
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lying panel 1 from excessive heat, road debris and water.
[0040] As shown in Figures 5, 6 and 7, the intermediate
layer 5 in these embodiments may be embossed to pro-
vide the layer with a series of indentations. Similarly, as
shown in the embodiments of the panel 1 depicted in
Figure 6 and 7, the metallic foil of the membrane layer 3
may be embossed to provide a similar series of indenta-
tions. The indentations assist to prevent heat being trans-
ferred through to the underlying insulation layer 11.
[0041] The panel 1 in accordance with the present in-
vention is advantageously able to provide excellent
sound absorption over a broad range of frequencies. In
addition, the intermediate layer 5 of the panel provides
a layer of protection over the apertures 6 and in building
applications reduces sound wave energy reflected back
into the room.
[0042] As the present invention may be embodied in
several forms without departing from the essential char-
acteristics of the invention it should be understood that
the above-described embodiments should not be con-
sidered to limit the present invention but rather should
be construed broadly. Various modifications and equiv-
alent arrangements are intended to be included within
the scope on the invention as defined in the claims.

Claims

1. A multilayered acoustic panel (1) including:

a substantially air impermeable outer mem-
brane layer (3); and
an inner layer (7) having a plurality of apertures
(6) therein,
wherein the membrane layer (3) overlies the ap-
ertures (6) such that those portions of the mem-
brane layer (3) which overlie the apertures (6)
are free to vibrate in response to sound waves
incident on the membrane layer (3), character-
ised in that
an underlying second portion is bonded to the
membrane layer (3), the second portion includes
an intermediate layer (5);
the inner layer (7) is underlying the second por-
tion;
the apertures (6) of the inner layer (7) are being
covered by the intermediate layer (5) of the sec-
ond portion;
the membrane layer (3) and second portion are
not bonded together where the membrane layer
(3) overlies the apertures (6) such that those por-
tions of the membrane layer (3) which overlie
the apertures (6) are free to vibrate independ-
ently of the second portion in response to sound
waves incident on the membrane layer (3).

2. A multilayered acoustic panel (1) as claimed in claim
1 wherein each portion of the membrane layer (3)

which overlies an aperture (6) defines a diaphragm
which is able to vibrate in response to sound waves
incident on the membrane layer (3).

3. A multilayered acoustic panel (1) as claimed in claim
2 wherein an air gap (17) is defined between the
membrane layer (3) and the second portion where
each portion of the membrane layer (3) overlies an
aperture (6).

4. A multilayered acoustic panel (1) as claimed in claim
3 wherein an air gap (17) is defined between the
membrane layer (3) and the intermediate layer (5)
where each portion of the membrane layer (3) over-
lies an aperture (6).

5. A multilayered acoustic panel (1) as claimed in claim
4 wherein the intermediate layer (5) is slightly de-
pressed into the apertures (6) to thereby provide said
air gaps (17).

6. A multilayered acoustic panel (1) as claimed in claim
5 wherein the air gaps (17) have a maximum depth
of approximately 1 to 4mm.

7. A multilayered acoustic panel (1) as claimed in any
one of claims 2 to 6 wherein the intermediate layer
(5) of the second portion is bonded to the membrane
layer (3) but is not bonded to those portions of the
membrane layer (3) which define the diaphragms.

8. A multilayered acoustic panel (1) as claimed in claim
7 wherein the second portion further includes an ad-
hesive layer (10) positioned between the intermedi-
ate layer (5) and the inner layer (7).

9. A multilayered acoustic panel (1) as claimed in any
one of the preceding claims wherein the intermediate
layer (5) is made of a fibrous material or a foam ma-
terial.

10. A multilayered acoustic panel (1) as claimed in any
one of claims 1 to 9 wherein the membrane layer (3)
is made of a polymer film.

11. A multilayered acoustic panel (1) as claimed in any
one of the preceding claims wherein the inner layer
(7) is a sound absorbing layer made of a fibrous ma-
terial or a foam material.

12. A multilayered acoustic panel (1) as claimed in any
one of claims 1 to 8 wherein the intermediate layer
(5) is made of a non porous material.

13. A multilayered acoustic panel (1) as claimed in claim
12 wherein the intermediate layer (5) has a surface
density of less than 200g/m2, and the intermediate
layer (5) is made of a metallic foil.
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14. A multilayered acoustic panel (1) as claimed in either
claim 12 or 13 wherein the membrane layer (3) is
made of a metallic foil.

15. A multilayered acoustic panel (1) as claimed in any
one of claims 12 to 14 wherein the inner layer (7) is
made of a metallic sheet material.

Patentansprüche

1. Mehrschichtige Akustikplatte (1) umfassend:

eine im Wesentlichen luftundurchlässige äuße-
re Membranschicht (3); und
eine innere Schicht (7), die mehrere Öffnungen
(6) darin aufweist,
wobei die Membranschicht (3) die Öffnungen (6)
derart überlagert, dass jene Teile der Membran-
schicht (3), die die Öffnungen (6) überlagern,
frei sind, in Reaktion auf Schallwellen zu schwin-
gen, die auf die Membranschicht (3) fallen, da-
durch gekennzeichnet, dass
ein unterliegender zweiter Teil an die Membran-
schicht (3) geklebt ist, wobei der zweite Teil eine
Zwischenschicht (5) umfasst;
die innere Schicht (7) unter dem zweiten Teil
liegt;
die Öffnungen (6) der inneren Schicht (7) von
der Zwischenschicht (5) des zweiten Teils be-
deckt sind;
die Membranschicht (3) und der zweite Teil nicht
zusammengeklebt sind, wo die Membran-
schicht (3) die Öffnungen (6) überlagert, so dass
jene Teile der Membranschicht (3), die die Öff-
nungen (6) überlagern, frei sind, unabhängig
von dem zweiten Teil in Reaktion auf Schallwel-
len zu schwingen, die auf die Membranschicht
(3) fallen.

2. Mehrschichtige Akustikplatte (1) nach Anspruch 1,
wobei jeder Teil der Membranschicht (3), der eine
Öffnung (6) überlagert, ein Diaphragma festlegt, das
in Reaktion auf Schallwellen schwingen kann, die
auf die Membranschicht (3) fallen.

3. Mehrschichtige Akustikplatte (1) nach Anspruch 2,
wobei ein Luftspalt (17) zwischen der Membran-
schicht (3) und dem zweiten Teil festgelegt ist, wo
jeder Teil der Membranschicht (3) eine Öffnung (6)
überlagert.

4. Mehrschichtige Akustikplatte (1) nach Anspruch 3,
wobei ein Luftspalt (17) zwischen der Membran-
schicht (3) und der Zwischenschicht (5) festgelegt
ist, wo jeder Teil der Membranschicht (3) eine Öff-
nung (6) überlagert.

5. Mehrschichtige Akustikplatte (1) nach Anspruch 4,
wobei die Zwischenschicht (5) leicht in die Öffnun-
gen (6) gedrückt ist, um dadurch die Luftspalte (17)
bereitzustellen.

6. Mehrschichtige Akustikplatte (1) nach Anspruch 5,
wobei die Luftspalte (17) eine maximale Tiefe von
etwa 1 bis 4 mm aufweisen.

7. Mehrschichtige Akustikplatte (1) nach einem der An-
sprüche 2 bis 6, wobei die Zwischenschicht (5) des
zweiten Teils an die Membranschicht (3) geklebt ist,
jedoch nicht an jene Teile der Membranschicht (3)
geklebt ist, die die Diaphragmen festlegen.

8. Mehrschichtige Akustikplatte (1) nach Anspruch 7,
wobei der zweite Teil ferner eine Klebschicht (10)
umfasst, die zwischen der Zwischenschicht (5) und
der inneren Schicht (7) angeordnet ist.

9. Mehrschichtige Akustikplatte (1) nach einem der vor-
hergehenden Ansprüche, wobei die Zwischen-
schicht (5) aus einem faserförmigen Material oder
einem Schaumstoff hergestellt ist.

10. Mehrschichtige Akustikplatte (1) nach einem der An-
sprüche 1 bis 9, wobei die Membranschicht (3) aus
einem Polymerfilm hergestellt ist.

11. Mehrschichtige Akustikplatte (1) nach einem der vor-
hergehenden Ansprüche, wobei die innere Schicht
(7) eine schallabsorbierende Schicht ist, die aus ei-
nem faserförmigen Material oder einem Schaum-
stoff hergestellt ist.

12. Mehrschichtige Akustikplatte (1) nach einem der An-
sprüche 1 bis 8, wobei die Zwischenschicht (5) aus
einem nicht-porösen Material hergestellt ist.

13. Mehrschichtige Akustikplatte (1) nach Anspruch 12,
wobei die Zwischenschicht (5) eine Oberflächen-
dichte von weniger als 200 g/m2 aufweist und die
Zwischenschicht (5) aus einer Metallfolie hergestellt
ist.

14. Mehrschichtige Akustikplatte (1) nach Anspruch 12
oder 13, wobei die Membranschicht (3) aus einer
Metallfolie hergestellt ist.

15. Mehrschichtige Akustikplatte (1) nach einem der An-
sprüche 12 bis 14, wobei die innere Schicht (7) aus
einem metallischen Blechmaterial hergestellt ist.

Revendications

1. Panneau acoustique multicouche (1) comprenant :
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une couche de membrane externe (3) sensible-
ment imperméable à l’air; et
une couche interne (7) pourvue d’une pluralité
d’ouvertures (6) à intérieur,
dans lequel la couche de membrane (3) recou-
vre les ouvertures (6) de telle sorte que les par-
ties de la couche de membrane (3) qui recou-
vrent les ouvertures (6) sont libres de vibrer en
réponse à des ondes sonores incidentes à la
couche de membrane (3), caractérisé en ce
que
une seconde partie sous-jacente est liée à la
couche de membrane (3), la seconde partie
comprenant une couche intermédiaire (5) ;
la couche interne (7) est sous-jacente à la se-
conde partie ;
les ouvertures (6) de la couche interne (7) sont
recouvertes par la couche intermédiaire (5) de
la seconde partie ;
la couche de membrane (3) et la seconde partie
ne sont pas liées entre elles là où la couche de
membrane (3) recouvre les ouvertures (6) de
telle sorte que les parties de la couche de mem-
brane (3) qui recouvrent les ouvertures (6) sont
libres de vibrer indépendamment de la seconde
partie en réponse à des ondes sonores inciden-
tes à la couche de membrane (3).

2. Panneau acoustique multicouche (1) selon la reven-
dication 1, dans lequel chaque partie de la couche
de membrane (3) qui recouvre une ouverture (6) dé-
finit un diaphragme qui est capable de vibrer en ré-
ponse à des ondes sonores incidentes à la couche
de membrane (3).

3. Panneau acoustique multicouche (1) selon la reven-
dication 2, dans lequel un espace (17) est défini entre
la couche de membrane (3) et la seconde partie où
chaque portion de la couche de membrane (3) re-
couvre une ouverture (6).

4. Panneau acoustique multicouche (1) selon la reven-
dication 3, dans lequel un espace (17) est défini entre
la couche de membrane (3) et la couche intermé-
diaire (5) où chaque portion de la couche de mem-
brane (3) recouvre une ouverture (6).

5. Panneau acoustique multicouche (1) selon la reven-
dication 4, dans lequel la couche intermédiaire (5)
est légèrement enfoncée dans les ouvertures (6)
pour réaliser ainsi lesdits espaces (17).

6. Panneau acoustique multicouche (1) selon la reven-
dication 5, dans lequel les espaces (17) ont une pro-
fondeur maximale d’environ 1 à 4 mm.

7. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications 2 à 6, dans lequel la

couche intermédiaire (5) de la seconde partie est
liée à la couche de membrane (3) mais n’est pas liée
aux parties de la couche de membrane (3) qui défi-
nissent les diaphragmes.

8. Panneau acoustique multicouche (1) selon la reven-
dication 7, dans lequel la seconde partie comprend
en outre une couche adhésive (10) placée entre la
couche intermédiaire (5) et la couche interne (7).

9. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications précédentes, dans
lequel la couche intermédiaire (5) est faite d’un ma-
tériau fibreux ou d’un matériau alvéolaire.

10. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications 1 à 9, dans lequel la
couche de membrane (3) est constituée d’un film de
polymère.

11. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications précédentes, dans
lequel la couche interne (7) est une couche absor-
bant les sons faite d’un matériau fibreux ou d’un ma-
tériau alvéolaire.

12. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications 1 à 8, dans lequel la
couche intermédiaire (5) est faite d’un matériau non
poreux.

13. Panneau acoustique multicouche (1) selon la reven-
dication 12, dans lequel la couche intermédiaire (5)
a une densité surfacique inférieure à 200 g/m2 et la
couche intermédiaire (5) est faite d’une feuille mé-
tallique.

14. Panneau acoustique multicouche (1) selon la reven-
dication 12 ou la revendication 13, dans lequel la
couche de membrane (3) est faite d’une feuille mé-
tallique.

15. Panneau acoustique multicouche (1) selon l’une
quelconque des revendications 12 à 14, dans lequel
la couche interne (7) est faite d’un matériau métalli-
que en feuille.
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